Several polymerase chain reactions (PCRs) and a reverse line blot hybridization (RLB) method were used to identify Anaplasma platys in dogs held in a kennel in Italy. Whereas PCR techniques confirmed the presence of A. platys, the RLB method not only correlated the results obtained by PCR but also ruled out the presence of other species such as Ehrlichia canis or E. chaffeensis. There was no correlation between infection status and age or breed of the dogs. Polymerase chain reaction performed on the Rhipicephalus sanguineus ticks collected from those dogs showed that they were also infected with A. platys. Sequences obtained from some samples and compared with those within the GenBank also confirmed the presence of A. platys.
Anaplasma species are obligate intracellular tickborne pathogens infecting the leukocytes of many vertebrates. 39 Dogs can be infected by different Anaplasma or Ehrlichia species and can present various clinical signs from asymptomatic to severe. Recently, a review has been published on the new nomenclature of this group. 10 Ehrlichia canis, E. ewingii, and A. platys are species observed mainly in dogs. 47 Ehrlichia canis infects monocytes and is the agent of classical canine ehrlichiosis (also known as canine pancytopenia). Ehrlichia ewingii infects granulocytic cells and is the agent of an acute form of ehrlichiosis known as canine granulocytic ehrlichiosis, characterized in chronically infected dogs as polyarthritis. 1 Anaplasma platys is responsible for thrombocytopenia; in the United States the disease is considered to be subclinical and is manifested mainly by bacteremia followed by episodes of thrombocytopenia. 18, 47 However, distinct clinical manifestations are documented in some countries of the Mediterranean Basin. 16, 17, 40 Other Ehrlichia species that principally infect other species are occasionally seen in dogs: E. chaffeensis is the agent of monocytic ehrlichiosis in humans, 4, 6, 7 A. phagocytophila is the agent of equine granulocytic ehrlichiosis and is also related to human granulocytic ehrlichiosis, 22, 26 and Neorickettsia risticii is the agent of equine monocytic ehrlichiosis (Potomac horse fever). 23 Originally described in Algeria in 1935, 9 canine ehrlichiosis caused by E. canis is globally distributed and is a well-known disease in tropical and subtropical regions, including Italy. After the first case reported in 1987 in Sicily, 34 E. canis was recognized both clinically 2, 8, 35 and serologically 3, 37, 38, 48, 49 in different Italian regions such as Apulia, Campania, Umbria, Emilia Romagna, and Lombardia, with prevalences ranging from 1.5% to 60%.
Identified for the first time in Florida, 18 A. platys has been reported in other American states, 12 in Greece, 24 in France and Spain, 40 and also in southern Italy, where A. platys was serologically and microscopically detected in Sicily and Calabria in 2 dogs with acute infection, with fever, anemia, depression, and splenomegalia and a high antibody titer. 36 Only a few reports in Italy are available on other Anaplasma species infecting dogs, such as a report on 3 dogs with clinical manifestations related to anaplasmosis and found to be serologically positive to A. phagocytophila 13 and another report on humans found to be serologically positive to A. phagocytophila. 28, 33 The only known vectors of Anaplasmataceae species are Ixodid ticks. The vector for E. canis in Europe is Rhipicephalus sanguineus. 14, 27, 44 It was presumed that the same species transmitted A. platys, 19, 25, 51 but an experimental study failed to prove the connection, so the mode of transmission remains uncertain. 43 The results of the work of several authors 20, 31 showed that E. canis and A. phagocytophila species are the most common in Italy. Ehrlichia canis was isolated from 20 dogs and from 12 tick samples. 29 However, a recent human case of anaplasmosis inves-tigated by using a nested polymerase chain reaction (PCR) identified A. phagocytophila. 13 Anaplasma platys has been successfully identified by PCR. 5, 30 Other molecular techniques have previously been described to detect tick-borne pathogens. 46 Among these, the reverse line blot hybridization (RLB) method 15, 42 can directly detect tick-borne pathogens with a higher specificity and sensitivity. The RLB method, based on genera-and species-specific DNA probes, is able to specifically identify mixed infections and can be used for the diagnosis of several pathogens at the same time.
The purpose of this study was to evaluate the occurrence of E. canis and A. platys (and possibly other species) in dogs from a kennel in the Teramo municipality in Italy, using the PCR and RLB methods. This study was also undertaken to validate a new molecular test to differentiate a mild pathogen such as A. platys from a more virulent one such as E. canis, the former being quite often unrecognized. All these dogs harbored ticks, which were also examined to determine the identification of the pathogens and thus to assess their possible role as vectors.
Materials and methods

Sample collection
From May through October 1998, blood samples were collected from 100 dogs in the Teramo kennel. All these animals were naturally infested by ticks, and some had a history of ehrlichiosis and leishmaniasis. The dogs were mainly crossbred animals (86%) and 1-5 yr of age (87%), and they were kept in groups of 2-7 animals. No antibiotic or drug treatments were given to them while they were in the kennel.
The blood samples, which were collected in vacutainer tubes containing EDTA, were processed for DNA extraction immediately after collection. The extracted DNA samples were stored at Ϫ20 C. Three dogs were selected, from which 292 ticks (179 females, 80 males, and 33 nymphs) were collected and kept at Ϫ80 C after identification.
Extraction of DNA
An aliquot of 200 l of blood samples, with 5 volumes of TE buffer (10 mM Tris-HCl, 1 mM ethylenediaminetetraacetic acid [EDTA], pH 7.4), was centrifuged at 10,000 ϫ g for 2 min. The cell pellet was washed 3 times in TE and resuspended in 200 l of TNE (10 mM Tris-HCl, 0.1 M NaCl, 1 mM EDTA, pH 7.4). Extraction of DNA was done according to the standard phenol-chloroform method. 41 Briefly, 200 l of each sample was incubated at 37 C in TNE buffer containing 5 l of proteinase K (20 mg/ml), 20 l of sodium dodecyl sulfate (SDS) 10%, and 20 l of sarcosine 10%. After DNA was extracted, it was precip-itated with ethanol at Ϫ20 C. 11 After incubation overnight at Ϫ20 C, it was centrifuged, and the resulting pellet was washed in 70% ethanol by centrifugation at 10,000 ϫ g. Last, the DNA was resuspended in distilled water.
Adult and nymph forms of R. sanguineus ticks, identified using taxonomic keys, 45 were pooled in groups of 2-5 of the same sex and the same stage and from the same dog. The ticks were cut in half longitudinally and crushed in TE buffer. Following the same procedure applied to the blood samples, DNA was extracted from individual pools of ticks.
Polymerase chain reaction methods
Specific PCR for E. canis and A. platys (PCR1A and PCR1B, respectively). For the specific detection of E. canis and A. platys from blood and ticks, 2 PCR methods were used. A PCR method was performed to specifically amplify a 16S ribosomal (rRNA) gene fragment of E. canis (542 bp). The primer set (PCR1A) used for E. canis consisted of ECA (5Ј-CCA TTA TTT ATA GCC TCT GGC TAT AGG AA-3Ј) a as the forward primer 50 and EHCC (5Ј-GCA GTA TTA AAA GCC GCT CCA-3Ј) as the new reverse primer. A second PCR (PCR1B) was applied to amplify a fragment of 556 bp of the 16S rRNA A. platys gene. The primers used were EPLAT5 (5Ј-TTT GTC GTA GCT TGC TAT GAT-3Ј) a,30 as the forward primer and ERB2 (5Ј-CTC CGG ACT CTA GTC TG-3Ј) 11 as the reverse primer.
Amplification of PCR was done for both methods in 50 l of total volume containing 1 l of the extracted DNA as inoculum, 50 pmol of each primer, 1.25 mM of each deoxynucleoside triphosphate, b 1.25 U of Taq Gold polymerase, b 1ϫ PCR reaction buffer, b and a MgCl 2 concentration of 1.5 and 2 mM for E. canis and A. platys, respectively.
The PCR reaction for E. canis was cycled with the following protocol: denaturation at 95 C for 5 min followed by 40 cycles of 30 sec at 95 C, 30 sec at 60 C, and 30 sec at 72 C, with a final 5-min elongation step at 72 C.
The PCR amplification for A. platys was as follows: denaturation at 95 C for 5 min followed by 40 cycles of 30 sec at 95 C, 30 sec at 64 C, and 30 sec at 72 C, with a final 5-min elongation step at 72 C. Polymerase chain reaction was performed by using a GeneAmp PCR System 2400. b The amplification products were resolved on 1% Multi purpose (MP) agarose gel c in Tris Acetic Acid EDTA (TAE) buffer a and observed under UV light by ethidium bromide staining.
The DNAs extracted from the blood of dogs experimentally infected with A. platys and E. canis were used as positive controls for PCR. The DNA extracted from an uninfected dog was used as a negative control for both PCRs. The DNAs extracted from an E. canisand an E. chaffeensis-infected dog were used as a negative control for the A. platys PCR. Similarly, A. platysand E. chaffeensis-infected dogs were used as negative controls for E. canis PCR. Both E. canis-and A. platys-infected blood samples came from northern Italy and were not related to this study. Both PCR methods were used to test all blood samples and the tick pools.
Reverse line blotting and associated PCR DNA amplification. Before performing an RLB, another PCR (PCR2) was applied to extracted DNA from blood samples, targeting a different fragment (470 bp) on the 16S rRNA gene. These 2 primers (one being biotinylated) have been published previously 42 and are not species specific because all bacteria are amplified with the above primers. d A hot-start step was used by adding a Taq antibody e to the PCR mix. Fragments of DNA were amplified using a deoxyuridine triphosphate-deoxythymidine triphosphate mix. f To discriminate the amplified DNA fragments (with uracyl) from the natural DNA fragments (without uracyl), Uracyl-DNA glycosylase (UDG) g was also added in the PCR mix to destroy the previously amplified products and avoid cross-contamination. A Touchdown program was also used to give a high stringency for the amplification and to reduce cross-reactivity. The program was as follows: 10 min at 94 C followed by a series of 2 cycles of 20 sec at 94 C, 30 sec at a temperature varying from 67 C to 57 C every 2 cycles, and 30 sec at 72 C. Then, 30 cycles were performed at 55 C.
Reverse line blot hydridization
As developed by other colleagues for Theileria, Babesia, 15 and Anaplasma, 42 species-specific probes d were used for some species, such as A. platys, A. phagocytophila, E. canis, E. ewingii, E. chaffeensis, E. muris, and A. bovis. Other more generic probes were also used to recognize the A. phagocytophila group and the Anaplasmataceae family. Briefly, the RLB was performed as follows: the oligonucleotide probes were labeled with an aminolinker h and hybridized on a Biodyne C membrane i previously activated with 16% 1-Ethyl-3-3-Dimethyl Aminopropyl Carbodiimide (EDAC) by using a MN45 miniblotter. j Then, each PCR product, produced with 1 biotinylated primer, was incubated with each probe by turning the membrane 90Њ. The membrane was washed twice with 2ϫ Saline Sodium phosphate EDTA (SSPE)-0.5% SDS and incubated with 1:4,000 diluted peroxidase-labeled streptavidin. k After another washing step, a chemiluminescent reaction was obtained by incubating the membrane with enhanced chemiluminescence (ECL) detection fluid l and exposing the membrane to ECL hyperfilm. l
Sequencing of DNA
Eight samples, randomly selected, were sequenced to examine the sequence of the amplified fragment and to confirm the RLB results. All DNA sequences were obtained on a DNA sequencer m by using a 48-cm Well to Read (WTR) gel. This sequencing was done according to standard procedures from ABI.
Results
Evidence of infection in the dogs. Five of the 100 dogs evaluated in this study showed clinical signs related to leishmaniasis, such as alopecia, conjunctivitis, ulcers, eczema, and onychogryphosis. Another dog presenting clinical signs of ehrlichiosis (No. 15) died 3 months later. Ninety-four dogs did not exhibit any clinical signs.
Results of PCR specific to E. canis and A. platys. Of the 100 tested samples, 33% blood samples were PCR1B positive, and 67% were PCR1B negative for A. platys. All the samples were PCR1A negative, indicating the absence of E. canis in this kennel. No cross-reactivity was observed with the 2 species-specific PCRs. Of the 94 dogs with no clinical signs, 66 (70%) were PCR1B negative, and 28 (30%) were PCR1B positive (Tables 1, 2) .
Results of RLB. Ninety samples were tested by the RLB method: 55 blood samples were PCR2 positive, and 35 were PCR2 negative; the amplified bands were not species specific at that stage. Of the latter group, 32 were also RLB negative, whereas 3 samples showed a positive reaction only for the Anaplasmataceae family probe but not for any of the other probes on the membrane. Of the 55 PCR2-positive samples, 23 were recognized by the A. platys probe (17 female blood [26.6%] and 6 male blood samples [16.7%] ), and the other 32 samples were not recognized by any probe on the membrane (Tables 1, 2). Figure 1 shows RLB results with different A. platys probe concentrations and demonstrates different levels of infection between dogs. No cross-reactivity was observed with the other probes.
Sequencing. Eight samples of the 55 PCR2-positive samples were sequenced. Five were RLB positive with the A. platys probe, and 3 were RLB negative. The 5 RLB-positive samples with the A. platys probe (Nos. 6, 10, 12, 22, and 24) were confirmed as A. platys after sequencing and using DNA alignment on the GenBank data. Samples 6, 10, 12, and 22 all had a homology of 100% with A. platys 16S (GenBank AF156784) and 99% with A. platys 16S (GenBank M82801). The GenBank accession numbers for samples 6, 10, 12, and 22, are AY040850, AY040851, AY040852, and AY040853, respectively. However, 50 bases obtained from sample 24 were recognized and matched the Ticks. All the ticks were identified as R. sanguineus, male, female, and nymph. Three groups of ticks collected from A. platys-positive dogs were found to be positive for the same pathogen by PCR1B, and the same samples were negative for E. canis with PCR1A.
Discussion
These results demonstrate that A. platys affects dogs in the Abruzzo region of Italy as described in other Italian regions. 35, 36 Although several PCR methods are available to detect the presence of Anaplasma species in blood or tissues, 5, 6, 11, 20, 21, 31, 32 the RLB method is useful in the diagnosis of anaplasmosis in dogs, allowing the simultaneous detection and identification of several pathogens. In this study, A. platys was the only species identified in the blood of these dogs, which was also confirmed by a specific A. platys PCR1B test. Seventyeight of the 90 samples (86.7%) gave the same results regardless of the technique used (PCR1 or PCR2 and RLB). However, sensitivity could still be improved because PCR1B and RLB failed to detect 9 and 3 samples, respectively. As shown in Fig. 1 by using different A. platys probe concentrations, it seems that different levels of infection were present in those dogs. The A. platys probe concentration should be increased to 1,600 pmol to improve its sensitivity. The use of the lowest probe concentration could explain why samples 54, 58, and 61 were recognized not by the A. platys probe but only by the Anaplasmataceae probe, unless there are other species from this family running in these dogs. The RLB approach was able to rule out some species known for dogs (such as E. canis and E. chaffeensis). The presence of A. platys was also confirmed by sequencing analysis. A high percentage of dogs were carrying A. platys without showing any clinical signs of anaplasmosis.
The identification of A. platys in ticks by PCR1B coincides with the findings for the dogs. However, this observation cannot confirm whether the pathogens were in the ticks because they fed on infected dogs or whether they were acquired from previous feedings.
Rhipicephalus sanguineus is a well-known vector for E. canis 14, 27, 44 ; however, the role of R. sanguineus ticks as vectors of A. platys is still unconfirmed. The fact that in this study A. platys was the only Anaplasma species detected in the dogs and the ticks infesting them strongly suggests that R. sanguineus could be infected with A. platys and could possibly transmit the organism.
Anaplasma platys could be a widespread pathogen in dogs in Italy and could be underestimated because of difficulties in performing serological tests specific for this species. The RLB method presented in this study could be of great help in identifying mixed infections and in understanding better the infection rates of different canine pathogens.
